The purpose of the present cross-sectional study was to compare eating behaviours (cognitive dietary restraint, disinhibition and susceptibility to hunger), dietary profile and physiological variables according to the practice of dieting: current dieting; history of dieting in the 10-year period that preceded the study; no dieting during the same period. Dieting history, anthropometric markers of adiposity, RMR, dietary profile (3 d food record) and eating behaviours (three-factor eating questionnaire) were determined in a sample of 244 men and 352 women. A greater proportion of women (31·8 %) than men (16·8 %) reported that they had been on a diet over the past 10 years (P¼ 0·0001). In both genders, current and past dieters had a higher BMI (P,0·05) than non-dieters and current dieters had lower reported energy intakes than past dieters and non-dieters (only in women) (P, 0·05). Current and past dieters also had higher scores for all eating behaviours and their subscales (P, 0·05; except for susceptibility to hunger in men) compared with non-dieters (adjusted for age, reported energy intake, percentage of dietary fat, BMI and RMR). Moreover, for each dieting-history category, women had significantly higher scores for cognitive dietary restraint than men (P,0·05). In conclusion, the present study showed that current and past dieters had higher scores for cognitive dietary restraint and disinhibition compared with non-dieters. As disinhibition has previously been associated with a greater risk of subsequent weight gain, interventions aimed at preventing an increase in disinhibition may be promising for longterm weight maintenance.
A high proportion of individuals express the desire to lose weight in industrialised countries. For example, in the province of Québec (Canada), 53 % of women and 34 % of men would like to lose weight (Ledoux & Rivard, 1998) . Nevertheless, the prevalence of obesity is steadily increasing (World Health Organization, 1997) , which suggests that most individuals do not successfully achieve their weight-loss goals. Studies have shown that long-term weight-loss maintenance following hypoenergetic diets is low, with only about 20 to 30 % of overweight and obese individuals able to maintain their weight loss after 1 to 3 years and an even lower percentage after 3 to 5 years (Golay et al. 1997; Miller, 1999; Wing & Hill, 2001) . Moreover, more women want to lose weight than men (Ledoux & Rivard, 1998) , even if a greater proportion of men (32 %) than women (23 %) are overweight (BMI $ 27 kg/m 2 ; Ledoux & Rivard, 1998) .
It has been proposed that dieting may not always produce health benefits (Wooley & Garner, 1991) . In this regard, Doucet et al. (2001) observed that women with a history of dieting were more prone to weight gain than women who had never been on a diet. In addition, Korkeila et al. (1999) noted that frequent dieting was positively related to subsequent major weight gain. Studies have suggested that behavioural factors, such as cognitive dietary restraint and disinhibition, could contribute to weight regain in dieters (Karlsson et al. 1994; Fedoroff et al. 1997; Le Barzic, 2001) . Thus, eating behaviours may be related to the history of dieting and gender differences could be present, but more investigations are needed to shed light on these issues.
In this regard, even if it is well established that women have a higher prevalence of dieting than men, there are nevertheless some men who are dieting to lose weight. Since few studies have been done in both men and women to compare their eating behaviours, dietary patterns and anthropometric profile according to the history of dieting, it appeared to be important to assess the presence of gender differences. Moreover, it has been recently shown that subscales for cognitive dietary restraint, disinhibition and susceptibility to hunger, as described by Westenhoefer et al. (1999) and Bond et al. (2001) , are of particular interest for their refined definitions representing distinct aspects of these eating behaviours. It is also interesting to note that cross-sectional studies have previously shown negative associations between cognitive dietary restraint and susceptibility to hunger as well as positive relationships for disinhibition with rigid restraint and susceptibility to hunger (Westenhoefer et al. 1999; Provencher et al. 2003) . However, gender differences, obesity status and dieting history could modulate these relationships. To our knowledge, little research has examined subscales for cognitive dietary restraint, disinhibition and susceptibility to hunger, particularly in relation to dieting history. Furthermore, dieting behaviours have been usually measured with general questions and without precision about a time period. In the present study, we have specified a time frame in the questions asked to the participants and we have particularly questioned them about their behaviour (dieting in order to lose weight) and not about their intention (desire to lose weight). Finally, dieters identified in this sample were dieting on their own, which means that they were not enrolled in a controlled weight-loss programme. This is an interesting aspect of the present study since dietary patterns, eating behaviours and physiological profile in this subgroup of the population have not been well documented.
The main purpose of the present cross-sectional study was therefore to compare eating behaviours (cognitive dietary restraint, disinhibition and susceptibility to hunger), dietary profile and physiological variables according to the history of dieting in both men and women. Subjects were classified into three exclusive categories of dieting history, which were: (1) currently dieting; (2) not currently dieting but with a history of dieting over the 10-year period preceding the study (past dieters); (3) not currently dieting with no history of dieting over the 10-year period that preceded the study (non-dieters).
Methods

Subjects
The Québec Family Study (QFS) was initiated at Laval University in 1978 (Bouchard, 1996) . The subjects were recruited through the media and were all French Canadians. Participation was voluntary and all subjects signed an informed consent document. The results presented in the present paper are derived from cross-sectional analyses of subjects who completed a questionnaire on eating behaviours (three-factor eating questionnaire; TFEQ). This questionnaire has been administered since 1993 and a subsample of the QFS subjects (n 279) completed the TFEQ for the first time while they were involved in the second phase of the QFS (1989 QFS ( to 1998 . The remaining subjects (n 317) completed the questionnaire for the first time while they were in the third phase of the QFS (1998 QFS ( to 2002 . Only data (dietary profile and physiological variables) collected at the moment of the first completion of the TFEQ were used for the present report. Moreover, for a given subject, all variables used in the present study were measured within a 1-month interval. The QFS was approved by the medical ethics committee of Laval University.
Three-factor eating questionnaire A French version of the fifty-one-item TFEQ was selfadministrated to 596 healthy adults (244 men and 352 women) from the QFS and was analysed by the same observer. The purpose of this questionnaire is to assess three factors related to cognitions and behaviours associated with eating. These factors are cognitive dietary restraint (intent to control food intake), disinhibition (overconsumption of food in response to cognitive or emotional cues), and susceptibility to hunger (food intake in response to feelings and perceptions of hunger) (Stunkard & Messick, 1985) . This questionnaire has been validated and its three scales have been reported to show good test -retest reliability (Stunkard & Messick, 1985; Laessle et al. 1989; Lluch, 1995) .
More specific subscales for these three general eating behaviours have been proposed by Westenhoefer et al. (1999) and Bond et al. (2001) . Cognitive dietary restraint has been divided into rigid control (dichotomous, all-ornothing approach to eating, dieting and weight), and flexible control (gradual approach to eating, dieting and weight) (Westenhoefer et al. 1999 ). Disinhibition has also been divided into three subscales: habitual susceptibility to disinhibition (occurring when circumstances could predispose to recurrent disinhibition); emotional susceptibility to disinhibition (associated with negative affective states); situational susceptibility to disinhibition (initiated by specific environmental cues) (Bond et al. 2001) . Finally, susceptibility to hunger has also been divided into two specific subscales: internal locus for hunger (interpreted and regulated internally) and external locus for hunger (triggered by external cues) (Bond et al. 2001) .
Physiological profile and dietary patterns
Body weight and height were measured according to standardised procedures (The Airlie (VA) Consensus Conference, 1988) and BMI was calculated. As previously reported (Doucet et al. 2001) , RMR was assessed in the fasting state by indirect calorimetry measurements, performed over a 30 min period by using an open-circuit ventilated-hood system (Amatek 3-3A (CO 2 analyser) and
Amatek CD-3A (O 2 analyser); Thermox Instruments Division, Pittsburgh, PA, USA). Subjects also quantified foods and drinks consumed using a 3 d estimated food record, which included two week days and one weekend day (Tremblay et al. 1983) . Nutrient intakes were calculated with a computerised version of the Canadian Nutrient File (Health & Welfare Canada, 1991) . In order to take into account the possibility of under-reporting, cut-off limits were used, as proposed by Goldberg et al. (1991) . These cut-off limits have been developed to identify subjects with a reported energy intake below 1·35 £ BMR, since such an intake cannot be representative of long-term habitual intakes. As described earlier (p. 998), a measurement of RMR was performed for all subjects involved in the present study. Although the RMR value for a given subject is generally slightly higher than their BMR value, a recent study has shown that the Schofield equations overestimate BMR value and, thus, this predicted BMR is unsuitable, especially among obese populations (Horgan & Stubbs, 2003) . Accordingly, in our sample, predicted BMR was slightly higher than measured RMR (data not shown). For all these reasons, it was decided to use RMR in our calculations since this value was actually measured, whereas BMR would have been estimated. Therefore, in our sample, subjects who had reported energy intakes that fell below 1·35 £ RMR were excluded from the analyses involving dietary variables. However, this exclusion criterion was applied only for past dieters and non-dieters, since current dieters may have lower energy intakes due to their actual dieting behaviours. The percentage of energy (kJ) derived from proteins, carbohydrates and dietary fat was also calculated.
Each participant completed a questionnaire on general dietary patterns. Two questions were of particular interest in the context of the present study. Subjects had to indicate if they were currently dieting: 'Are you currently on a diet in order to lose weight?'. Subjects who answered 'yes' to this question were identified as 'current dieters'. Subjects also had to indicate whether they experienced dieting over the past 10 years: 'Have you been on a diet over the past 10 years?'. Those who did and who were not currently dieting were identified as 'past dieters'. Finally, subjects who did not report any dieting episode during the 10-year period that preceded the study, and who were not currently dieting, were identified as 'non-dieters'.
Statistical analysis
Percentages of current dieters, past dieters and non-dieters were compared between men and women using a x 2 test. In both genders, ANOVA were performed to assess the group effect on physical characteristics, dietary profile and eating behaviours. The Duncan multiple-range test was used to compare means between the three groups when a significant effect was observed. As significant associations between eating behaviours, anthropometric variables and dietary profile have been previously reported (Carmody et al. 1995; Lawson et al. 1995; Lindroos et al. 1997; Westenhoefer et al. 1999; Provencher et al. 2003) , it was decided to control for the potential confounding effect of these variables on eating behaviours. Analysis of covariance, which combines regression analysis with ANOVA, statistically removes the variation in the dependent variable that is associated with the variation in the covariate, which must be a source of variation believed to affect the dependent variable (Kirk, 1982) . Thus, a covariance analysis was performed to evaluate differences in eating behaviours between current dieters, past dieters and non-dieters, in both men and women after controlling for age, reported energy intake, percentage of energy derived from dietary fat, BMI and RMR. In the presence of a significant effect, multiple comparisons were performed using the 'LSMEANS' procedure. The probability level for significance used for the interpretation of all statistical analyses was set at an a level of P, 0·05. All analyses were performed using SAS statistical software (SAS Institute Inc., Cary, NC, USA).
Results
Overall, 8·2 % of subjects were currently dieting, while 25·7 % of subjects had experienced dieting over the last 10-year period (past dieters). More specifically, Table 1 shows that a lower proportion of men (16·8 %) than women (31·8 %) were considered as past dieters (x 2 17·0; P¼ 0·0001) whereas no gender differences were observed for the prevalence of current dieters. In women, past dieters and current dieters were not significantly different with regard to BMI while both groups of dieters (current and past) were characterised by a significantly higher BMI than non-dieters (P, 0·05). In men, past dieters had a 
a,b,c Mean values with unlike superscript letters are significantly different (P, 0·05). * Analyses were conducted in men and women separately. Dietary variables are reported only for past dieters and non-dieters with valid energy intakes, i.e. for 183 men and 240 women, while all current dieters are included in these analyses. † For RMR, 212 men and 314 women are included in the analysis. ‡ Percentage of energy (kJ) derived from these macronutrients.
higher BMI than current dieters and non-dieters (P, 0·05). BMI was also higher in current dieters than in non-dieters (P, 0·05). In both genders, RMR was significantly lower in non-dieters than in current dieters and past dieters (P, 0·05), whereas no differences were observed when values were adjusted for BMI (data not shown). Regarding reported energy intake, no differences were observed for this variable in men whereas women who were currently dieting had lower reported energy intake than past dieters and non-dieters (P, 0·05). With regard to macronutrient intake distribution, past dieters had a significantly higher proportion of energy derived from fat than non-dieters (P, 0·05) in both genders. Moreover, in women, current dieters had a higher proportion of energy derived from protein than past dieters and non-dieters (P, 0·05) as well as a lower proportion of energy derived from carbohydrates than non-dieters (P, 0·05).
As indicated earlier (p. 999), eating behaviours were associated with age, reported energy intake, percentage of energy derived from dietary fat, BMI and RMR. It was therefore decided to compare eating behaviours according to dieting history after controlling for the potential confounding effect of these variables on eating behaviours. Accordingly, Fig. 1 shows that, in men, current dieters and past dieters had higher scores than non-dieters for cognitive dietary restraint (P, 0·05). No differences in disinhibition were observed between current dieters and past dieters as well as between current dieters and non-dieters. However, men who were past dieters had significantly higher scores for disinhibition than non-dieters (P, 0·05). In women (Fig. 2) , current dieters had higher scores for cognitive dietary restraint and disinhibition than past dieters (P, 0·05) and past dieters had higher scores for cognitive dietary restraint and disinhibition than non-dieters (P, 0·05). While no differences were observed for susceptibility to hunger and its subscales by dieting history in men (Fig. 1) , women who were currently dieting had significantly higher scores for susceptibility to hunger than past dieters and non-dieters (Fig. 2) . Figs. 3 and 4 show differences in the subscales of cognitive dietary restraint and disinhibition according to dieting history after adjustment for confounding variables. As observed in Fig. 3 , men who were current dieters had higher scores for flexible restraint than non-dieters (P, 0·05). Rigid restraint was significantly higher in men who were current dieters or past dieters than in non-dieters (P, 0·05). Habitual susceptibility to disinhibition was higher for past dieters than for current and non-dieters (P, 0·05). Emotional susceptibility to disinhibition was also higher for men who were past dieters than for nondieters (P, 0·05), whereas current dieters were not significantly different from past dieters and non-dieters for this variable. No differences were noted between past dieters, current dieters and non-dieters for situational susceptibility to disinhibition in men. As shown in Fig. 4 , women who were currently dieting had higher scores for rigid restraint and habitual susceptibility to disinhibition than past dieters (P, 0·05), and past dieters had higher scores than non-dieters for those two subscales (P, 0·05). Moreover, flexible restraint, as well as emotional susceptibility to disinhibition, was higher in current dieters and past dieters than in non-dieters (P, 0·05). While no differences were observed between current dieters and past dieters as well as between past dieters and non-dieters, women who were currently dieting had significantly higher scores than non-dieters for situational susceptibility to disinhibition ( Fig. 4 ; P, 0·05) as well as for the two subscales of susceptibility to hunger (internal hunger and external hunger) (data not shown; P, 0·05).
For each category of dieting history, women had consistently higher scores for cognitive dietary restraint than men (P, 0·05). Among current dieters, women had significantly higher scores for disinhibition than men (P, 0·05), while no gender difference was observed for disinhibition among past dieters. Among non-dieters, women had significantly higher scores for disinhibition than men (P, 0·05). Finally, in all three dieting history categories, no gender differences were noted for susceptibility to hunger.
Discussion
The main purpose of the present study was to compare eating behaviours (cognitive dietary restraint, disinhibition and susceptibility to hunger), dietary profile and physiological variables according to dieting history in both men and women. The present results showed that a higher proportion of women than men had been dieting over the 10year period that preceded the study, a finding concordant with previous literature (Carmody et al. 1995; Neumark-Sztainer et al. 1999) . In both genders, subjects who were currently dieting or who dieted in the past had a higher BMI than subjects who were considered as non-dieters. The present results are consistent with other findings showing that overweight and obese individuals will more often attempt to lose weight than those who are not overweight (French & Jeffery, 1994; Ledoux & Rivard, 1998) .
The present data also showed that, in women, current dieters had lower reported energy intakes than past dieters and non-dieters (a trend is observed in men; P¼ 0·08), suggesting that individuals on a weight-loss diet are in fact eating less to create a negative energy balance. However, the possibility of under-reporting in current dieters cannot be excluded, since we could not apply cut-off limits for under-reporting in these subjects, who probably have, in fact, a lower energy intake than energy expenditure because of their current dieting status. Among past dieters, the results showed that even if men and women had higher RMR values than non-dieters, no differences were observed regarding reported energy intakes between past dieters and non-dieters. Accordingly, when reported energy intakes were divided by RMR, a significant difference was observed between past dieters and non-dieters, in both genders (1·45 (SD 0·36) v. 1·72 (SD 0·42) in men and 1·43 (SD 0·42) v. 1·68 (SD 0·42) in women; P, 0·05). This means that past dieters had lower reported energy intakes compared with their energy needs. To explain this issue, it may be possible that past dieters had a lower energy expenditure, since they could have a lower physical activity level than non-dieters. Accordingly, in our sample, a trend was observed for non-dieters to have a higher daily energy expenditure from moderate to vigorous physical activity compared with past dieters (data not shown; P¼ 0·06). The relatively lower reported energy intake for given energy needs observed in past dieters may also be partly explained by the possibility of underreporting. Although the validity of reported energy intake was taken into account in the present study, since past dieters and non-dieters who reported implausibly low energy intakes compared with their energy needs (Goldberg et al. 1991) were excluded from the analyses involving dietary variables, there is still a possibility that past dieters may have under-reported their energy intake. For example, subjects who report consuming more than 1·35 £ RMR can still be under-reporting their intakes. Moreover, this phenomenon is especially present among obese subjects (Goris et al. 2000) as well as in those who have higher scores for cognitive dietary restraint (Bathalon et al. 2000) , which are two characteristics that described well the past dieters of our sample.
With regard to dietary profile, men and women who were currently dieting or who had never been on a diet had a macronutrient intake distribution meeting nutritional recommendations (Institute of Medicine & Food and Nutrition Board, 2002) . However, individuals who had been on a diet over the preceding 10 years had a higher proportion of energy derived from dietary fat than the recommended 25 to 35 % of energy, which suggests that the dieting experience may not foster better eating habits. Many significant differences in eating behaviours were observed according to dieting history in both genders. Because associations between age, reported energy intake, percentage of energy derived from dietary fat, BMI, RMR and eating behaviours were observed, we decided to perform analyses with control over these variables and found that significant differences remained in eating behaviours between current dieters, past dieters and non-dieters. Therefore, differences in eating behaviours could not be explained by obesity nor by age, reported energy intake, percentage of energy derived from dietary fat, BMI and RMR. It is interesting to emphasise that we observed higher scores for cognitive dietary restraint as well as higher scores for disinhibition (only in women) in current dieters than in non-dieters. Higher cognitive dietary restraint has been consistently reported in current dieters compared with non-dieters (Karlsson et al. 1994; Foster et al. 1998) , whereas higher disinhibition is not a consistent finding among current dieters. The present results could be explained by the fact that our subjects were not enrolled in a controlled weight-loss intervention programme in which food available to subjects is restricted to that offered. Since a lot of food choices were available consistently to these subjects in a real-life uncontrolled context, it may be easier for them to overeat in response to cognitive or emotional cues.
From the present results, it is not possible to determine whether it is dieting that alters eating behaviours or whether some specific eating behaviours predispose to dieting. In this regard, some studies have evaluated eating behaviours before and after dieting episodes and have demonstrated that dieting may induce significant changes in eating behaviours (Karlsson et al. 1994; Foster et al. 1998) . After a weight-loss treatment, Karlsson et al. (1994) and Foster et al. (1998) found that cognitive dietary restraint scores increased while disinhibition and susceptibility to hunger scores decreased. These studies suggest that dieting behaviours may have an effect on eating behaviours, but the long-term effect of dieting on eating behaviours remains to be established. On the other hand, it has been recently proposed that eating behaviours may be partly explained by familial resemblance (Provencher et al. 2002; Steinle et al. 2002) . Moreover, even if other studies are needed to confirm this finding, the linkage of particular chromosomal regions to eating-behaviour phenotypes has been observed in the Amish population (Steinle et al. 2002) as well as in the QFS . Thus, the present results suggest that specific eating behaviours may be present before episodes of dieting, which could explain the predisposition of these individuals to dieting behaviours or to weight regain.
Past dieters had generally higher scores than non-dieters for cognitive dietary restraint, disinhibition and their subscales. The present results could suggest that higher scores for these eating behaviours persist even after the end of a diet. It is interesting to note that a positive relationship between disinhibition and cognitive dietary restraint has been reported previously Williamson et al. 1995; Lindroos et al. 1997; Provencher et al. 2003) . Studies have also shown that restrained eaters were more sensitive and reactive to food and emotional cues. They ate significantly more than unrestrained eaters after sensory or cognitive exposures to food as well as to positive or negative mood states (Eldredge, 1993; Fedoroff et al. 1997; Wardle et al. 2000; Bellisle & Dalix, 2001) , which could be related to a higher expression of disinhibition. According to Heatherton et al. (1988) disinhibition would be a consequence of higher cognitive dietary restraint and the present results support this hypothesis since past dieters displayed higher scores than non-dieters for both cognitive dietary restraint and disinhibition. Thus, it could also be proposed that disinhibition is critical when it comes to the predisposition of individuals to regain weight. Furthermore, in a free-living context, it has been reported that women who had a higher score for cognitive dietary restraint were at a higher risk for weight gain since they could not maintain their high restraint behaviour over time . Therefore, lowering disinhibition directly or indirectly through a reduction in restraint behaviours could contribute to prevent further weight gain.
As indicated earlier (p. 1000), the pattern of differences in disinhibition and its subscales according to dieting history was not the same in men and women. In women, current and past dieters consistently displayed higher scores than non-dieters for disinhibition and all its subscales (habitual, emotional and situational susceptibility to disinhibition). In men, past dieters showed significantly higher scores than non-dieters for disinhibition as well as for habitual and emotional susceptibility to disinhibition, whereas no differences were observed between current dieters and non-dieters for disinhibition and its subscales. The present results suggest that there is a gender difference in the association between disinhibition and dieting history. While they are currently dieting, men seem to be less prone to disinhibition than women, since their scores are similar to those displayed by non-dieters. Previous studies have shown that women display higher scores for cognitive dietary restraint, flexible restraint and rigid restraint than men (Carmody et al. 1995; Provencher et al. 2003) . It has been suggested that higher scores for cognitive dietary restraint in women would be explained by the fact that women are more likely to be on a diet than men. In the present study, we found that among subjects who were non-dieters, women still had higher scores for cognitive dietary restraint and its subscales than men. Thus, the more frequent dieting episodes among women did not totally explain the higher cognitive dietary restraint, flexible restraint and rigid restraint scores compared with men, since women who were not dieting still had higher scores for cognitive dietary restraint than men. Therefore, accordingly to de Castro (1995) it could be possible that women who are not dieting express restrained behaviours in response to greater awareness and concern about food and fear of gaining weight, whereas men usually express restrained behaviours in order to lose weight. By consistently exerting restriction over their food intake, it may be difficult for women to continuously maintain this level of cognitive dietary restraint, which may result in more frequent episodes of overeating that translate into higher disinhibition scores.
In conclusion, the present results showed that current and past dieters had generally higher scores for cognitive dietary restraint and disinhibition than non-dieters. Enhancing cognitive dietary restraint, which is often the focus of weight-loss intervention, may not be optimal for the long-term control of body weight, since it could result in higher scores for disinhibition, which are predictive of weight gain (Hays et al. 2002) . Thus, the present results suggest that alternative strategies that would prevent an increase in disinhibition may be promising for the longterm maintenance of a reduced body weight.
